The marcs of two red grape (V. vinifera L.) varieties (Boğazkere and Öküzgözü), grown in eastern Anatolia (Elazığ), were evaluated for their fatty acid composition, and antioxidant and antibacterial activities. The hexane extracts of both varieties were found to contain linoleic, palmitic, stearic and oleic acids by GC-MS analyses. The major fatty acid (linoleic acid) was detected relatively as 57.13% in Öküzgözü and 59.07% in Boğazkere in methylated hexane extracts. In addition, myristic and palmitoleic acids were observed in Boğazkere as minor components. The free radical (DPPH) scavenging activity of Öküzgözü was higher than that of Boğazkere. The IC 50 values were calculated as 403.0 ± 7.8 μg/mL for Öküzgözü and 552.0 ± 23.6 μg/mL for Boğazkere. The extracts were found to be effective on the four gram (+) and four gram (-) test bacteria, but not as good as standard antibiotic, gentamycine by MIC method.
Grape (Vitis vinifera L.) (Vitaceae) is predominantly consumed as food or used in wine and juice industries worldwide. Several grape products and byproducts containing phenolic compounds, mainly flavonols, procyanidins and phenolic acids, are employed as dietary supplements, cosmetics and for several industrial purposes [1] [2] [3] . Grape extracts are extensively used for the treatment of many diseases such as rheumatoid arthritis, ulcers, immunological disorders, inflammation, heart diseases and cancer [4, 5] .
It is well recognized that grape products have worldwide distribution [2a,2b]. Wine production processes utilize 80% of cultivated grape in the world [6] . In Turkey, 10% of their cultivated grape is processed for variants of wine production. The grape marc (pomace) from the wine industry is partly used for feed and fertilizer in agriculture, and in the production of chemicals such as ethyl alcohol, potassium tartrate and tartaric acid, but it has been commented that the pomace has not been fully utilized [3] .
Reutilizing these waste by-products is very important to the winemaking industry due to the large quantities for disposal [6] . Until recently the management of grape marc, consisting of approximately 25% seed, 50% skin and 25% dust [3] , has been considered to be of secondary priority for the industry in Wine Industry Waste Management Forum in Australia, September 2002 [7] .
Grape marcs, as solid by-products from vineyard and wine industry are widely investigated materials. In the literature, phenolic compounds and antioxidant capacity of grape marc have been extensively studied [1, [6] [7] [8] [9] [10] [11] . Over the last decade, in vitro and in vivo antioxidant [12] [13] [14] [15] , antiulcer [16] and anticancer [17] activities of grape seed extracts have been reported. Functional components of grape seeds have been recently reviewed by Yılmaz and Toledo [18] and polyphenols were analyzed in detail by Makris et al. [1] . The volatile content of grape pomace has been studied by Silva et al. [19] , fatty acids from grape seeds have been investigated in detail [6, 20, 21] and there are a few reports on the biological activity and chemical analysis of grape skin extracts [22, 23] .
Most of the chemical studies on grape and wine by-products are focused on phenolic compounds. Recently, fatty acids and phenolic antioxidants of winemaking pomace powder from Cabernet Sauvignon and Royal Rouge varieties have been investigated by Yin et al. [6] .
Grape varieties Öküzgözü and Boğazkere are the members of Vitis vinifera L., which are native to eastern Anatolia (Elazığ) are in use for the production of high quality red wines. They are also employed for fresh and dry fruit, juice, vinegar [3, 24] . A literature survey indicated that a limited study of these wine varieties has been published [25, 26] . Their anthocyanin [25] and volatile compositions [26] of have been determined. However, there is no related report about the fatty acid composition of Öküzgözü and Boğazkere, whether on the fresh materials or their marcs.
The present study was conducted to investigate the fatty acid composition and antioxidant and antibacterial potentcy of the marcs of Öküzgözü and Boğazkere varieties. The reported data may indicate potential for these varieities as a source of fatty acids and/or natural antioxidant or antibacterial agents.
In order to identify the chemical constituents of grape marc extracts, the marcs were extracted with hexane and the residues methylated and the methyl esters examined by GC-MS. In our analysis, linoleic acid was determined relatively as the major unsaturated fatty acid component as 57.13% (Öküzgözü) and 59.07% (Boğazkere) ( Table 1) , oleic acid 27.36% and 20.45% respectively, palmitoleic acid was identified only in Boğazkere as a minor unsaturated constituent. Among the saturated fatty acids, palmitic and stearic acids have been detected for both varieties whereas myristic acid was only observed in Boğazkere. The extraction yields were 9.88% for Öküzgözü and 4.57% for Boğazkere in dry weight and the total methylated fatty acid content constituted more than 97% .
According to the literature, there are a limited number of reports on fatty acids of grape pomace [6] and seeds [20, 21, 27] . Our results were consistent with one study reporting that [27] the antioxidant compounds and antioxidant activities of some commercial oilseeds. In this report, nine different commercial oilseeds including grape seeds used in Tuscany (Italy) were presented but the variety of the grape was not disclosed [27] . Fatty acid composition and some biological activities were examined, using GC-FID, in six different fruit seeds including Pinot Noir and Chardonnay grapes, their total fat, phenolic and anthocyanin content were also determined [20] . Luque-Rodriguez et al. have extracted fatty acids from a mixture of several grape seeds by superheated hexane, and determined their composition (GC-FID). Myristic and palmitoleic acid were not detected, while linolenic acid was found in highest percentage in their extracts [21] . Our study is the first report on fatty acids of the marc extracts from Öküzgözü and Boğazkere varieties. It seems that linoleic acid is predominant fatty acid in these native varieties, as in universal ones such as Chardonnay seeds [20] , Cabernet Sauvignon and Royal Rouge pomace powder [6] .
Free radical scavenging activity of the grape marc extracts was determined with the reduction in the absorbance of DPPH solution. The addition of hexane extracts to the DPPH solution rapidly decreased the optical density at 517 nm. Dose-response line of each extract in different final concentration in the reaction medium (100-500 μg/mL) was evaluated ( Table 2 ). DPPH scavenging ability was higher in Öküzgözü (IC 50 = 403.0 ± 7.8 μg/mL) than Boğazkere (IC 50 = 552.0 ± 23.6 μg/mL as compared to 10.5 ± 0.1 μg/mL for vitamin C and 54.4 ± 0.4 μg/mL for BHT.
These results indicated that antioxidant components still remained in the hexane extracts (fatty acid fraction) of grape marc, although the radical scavenging activities of the corresponding wines [28] and the other extracts prepared with more polar solvents were considerably better [12, 14, 15, 29] . In our previous study, wines of Öküzgözü and Boğazkere were found to inhibit DPPH formation by approximately 84% and 92%, respectively [28] . Yi et al. [6] have found that the inhibition of methanol extract of Royal Rouge was higher than that of Cabernet Sauvignon. Antioxidant activity of the wines produced from organic grape varieties Merlot, Grenache, Carignan, Cabernet Sauvignon, Semillon and Columbard were investigated by Yıldırım et al. [30] . Merlot wines inhibited DPPH formation by 86.55% and LDL oxidation by 65.48% [30] and more effective than all phenolic ingredients [31] . Inhibitory effect of Cabernet Sauvignon on peroxidation is high (82.73%) [30] . So, it is apparent that the antioxidant capacities of red wines are higher than white and roses, and the most active variety is Pinot Noir [32] . The antioxidant capacity of our wine varieties was determined to be higher than previously measured [28] .
Antibacterial activity of the grape marc extracts was evaluated by microdilution assay. Hexane extracts were found to be effective on the test bacteria, but not as good as the gentamycine (Table 3 ). According to the data reported earlier on the antibacterial activity of grape marc, it seems that polar extracts rather than apolar ones contain effective components [15, 33] . Karapinar and Yucel-Sengun have reported that the unripe grape (Vitis vinifera) (koruk) juice treatments caused significant reduction in the number of S. typhimurium cells on cucumber and parsley [34] . Our results present grape marc's effect on S. epidermidis. In addition to these, our previous study exhibited high antibacterial effect on B. cereus and S. aureus for Öküzgözü and Boğazkere wines, respectively [28] .
In conclusion, the fatty acid composition and biological activities (antioxidant and antibacterial) of hexane extracts of grape marcs from Öküzgözü and Boğazkere varieties from Yazgan Wine Factory are reported for the first time. The total fatty acid contents were found as 99.14% and 97.40% in the methylated portions of Öküzgözü and Boğazkere samples, respectively. These results indicate that the total fatty acid content of our varieties is 3.05% and 5.64% respectively. It is clear that these values are remarkable for a waste material. The marcs of our varieties cannot be considered as waste materials and are indeed revealed as potential sources for fatty acids and biologically active constituents.
Experimental
Plant material: The marcs of Öküzgözü and Boğazkere varieties after wine production were provided from Yazgan Wine Company (Izmir-TURKEY). The grape materials were collected in September 2005 vintage from Elazığ in eastern Anatolia which is 1000 m height from sea level. Materials were dried at room temperature in an airy and shady place and powdered by a grinder.
Extraction and methylation of hexane extract:
Powdered grape marcs (25 g) were extracted with hexane (95%, Merck No: 1.04368) (250 mL) using a Soxhlet apparatus (70 o C, 6 h) to recover the fatty acids and apolar components. The extracts were concentrated in vacuo in a rotary evaporator (Buchi RE 111) at 40 o C. After removing the hexane the oily mixtures were derivatized to their methyl esters according to the IUPAC (1982) and IOOC (2001) reports [35, 36] via trans-esterification. Dried extracts (2.47 g Öküzgözü, 1.14 g Boğazkere) were re-dissolved in 15 mL hexane and than extracted with 2 mL 2M KOH/MeOH at room temperature for 30 min. The upper phases were separated using a separatory funnel carefully and dried methylated samples (1.4143 g Öküzgözü and 0.7820 g Boğazkere) were analyzed by GC-MS [37, 38] .
GC-MS analysis: 1 μL (0.1 mg for Öküzgözü, 0.05 mg for Boğazkere) of methylated fatty acids were redissolved in hexane prior to injection via auto sampler (1/100 split mode) using a GC (6890)-MSD (5973) combined system(Hewlett Packard), furnished with a HP-5 MS column (30m x 0.25mm x 0.25µm), max. column temp., flow of helium, oven temp., and pressure were 350˚C, 0.5 mL/min, 170-210 o C and 14.3 psi, respectively and programming was carried out increasing the temperature by 2°C/min. For GC-MS detection, EI mode was used (ionization energy 70 eV). The fatty acids were identified by comparing retention times and mass peaks with those of a standard methyl esters mixture (Sigma) under similar conditions and using Nist-Wiley (G1043B) library data search.
Antioxidant activity: The antioxidant activity was determined from the reduction in the optical density of 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical with following modifications [39] . Samples were prepared by resolving the extracts in hexane and evaporating the solvent to dryness at 40 o C in vacuo. Various concentrations of vitamin C in distilled water and butylated hydroxytoluene (BHT) in methanol were used as natural and synthetic antioxidant references, respectively. Final concentrations in the assay mixtures were adjusted between 100-500 μg/mL for samples, 1-20 μg/mL for vitamin C and 10-100 μg/mL for BHT. The reaction mixture, consisting of 100 μL of test sample and 100 μL of 300 μM DPPH in methanol were incubated in a well of 96-wells microtiter plates for 30 min, and absorbance at 517 nm was recorded with a Bio-Tek microQuant Universal Microplate Spectrophotometer. Hexane, distilled water and methanol were used as control for the extracts, vitamin C and BHT, respectively. Radical scavenging activity was expressed as the percent inhibition of the DPPH radicals, calculated using the formula where A control is the absorbance of DPPH + hexane (or distilled water or methanol); and A sample is the absorbance of DPPH + extract (or reference solution). All tests were carried out in triplicate and data was expressed by means ± S.D. The IC 50 value of each sample indicating the concentration required for 50% DPPH inhibition was determined by regression analysis [40] .
Antibacterial activity: In vitro antibacterial activities were investigated by microdilution assay [41] . Four ) Ushape bottom, transparent microplates] were prepared by dispensing into each well 160 µL of broth and 20 µL of the inoculums (1x10 8 CFU/ mL). A 100 µL of the stock solutions of hexane extracts initially prepared at the concentration of 40 mg/mL was added into the first wells. Then, 100 µL from their serial dilutions was transferred into consecutive wells. The last well containing 195 µL of nutrient broth without extract and 5 µL of the inoculums on each strip was used as negative control. All the plates were covered with a sterile plate sealer and incubated at 37 ºC for 24 h. The MIC was defined as the lowest concentration of the extract inhibiting the growth of microorganisms, observed as a clear background (no visible growth) against blank (containing equal volume of hexane instead of extract). Samples from clear wells were sub-cultured by plotting onto Mueller Hinton agar. Gentamycine (Sigma) was the positive control. All of the assays were performed in duplicate.
